Background/Aims: The extracellular ecto-5'-nucleotidase (CD73) is involved in the production of immunosuppressive adenosin (Ado), which can influence different immune cells through the specific adenosine receptors. The main aim of this work was to characterize immune cell populations as well as serum cytokine level in healthy CD73-deficient mice compared to healthy wild-type animals. Methods: Profound immnophenotyping of splenocytes from healthy CD73-deficient and wild-type mice was done using flow cytometry (FACS analysis). Cytokine measurement in the serum of the animals was carried out with a Bio-Plex assay. 
Introduction
For the faultless function of the immune system, tight regulation of immune cell activation, immuno-suppression and the strength and efficiency of the immune response is essential. Mechanisms of immune regulation ensure that pathogens can be effectively combated while preventing the induction of autoimmunity and tissue damage. One of such mechanism could be represented by the adenine nucleoside -adenosine (Ado). In general, intracellular Ado level reflects the cellular oxygen phosphorylation and represents the intermediate metabolite of the ATP catabolism [1] . In case of extracellular ATP, this molecule undergoes catabolic processing by a co-play of two enzymes: first the extracellular ectonucleoside triphosphate diphosphohydrolase-1, better known as CD39, hydrolyzes ATP to ADP which in turn serves as a substrate for the extracellular ecto-5'-nucleotidase (CD73) leading to Ado production [2] . The enzyme consists of a homodimer placed in the cellular membrane by glycophosphatidylinositol anchors [3] . Throughout healthy tissues, CD73 is widely expressed: in epithelial cells of the respiratory tract, smooth muscle cells, cardiac myocytes and other tissues. Expression of CD73 subjects to controlling by different transcriptional factors (i.e. SP1, AP-2, SMAD) and by microRNA [4] .
Ado has a very short half-life and it is catabolized in few seconds in the inert inosine by a membrane-bound adenosine deaminase [5] . However, in this short life-time Ado can commit important functional activity. Ado interacts with four distinct cell-surface G-proteinlinked receptors: A1, A2A, A2B, and A3 [6] . A1 and A3 adenosine receptors are coupled to the G i/o subunit, and their activation leads to the inhibition of adenylate cyclase which in turn reduces cAMP production, and as a consequence inhibits protein kinase A activation. Activation of A2A and A2B receptors has been also reported to belong to immunosuppressive effects of Addo [7] . A2A receptors are expressed on a variety of immune cells, including T lymphocytes, NK cells, DC, macrophages, and granulocytes [8] making these immune cells sensitive to Ado. Besides, immune suppressive cells as T regulatory cells (Treg) produced Ado inhibiting the activity of various immune cell subpopulations [9] . In context of tumorinduced immune suppression, Ado can be produced by myeloid-derived suppressor cell (MDSC) therefore making Ado to one of inhibiting mechanisms of MDSC [10] . This evidence allows us to assume that CD73 represents a real immune check point molecule [11] .
CD73 knock-down (CD73KO) mice were created by Linda Thompson and deeply examined them in relation to endothelial permeability [12] . Homogenous mice are viable and fertile and they are frequently used for investigation of vascular permeability. While being used as a model in cancer research, the native CD73KO mice are little investigated in the immunological context. Therefore, we aimed to profoundly analyze immune cell phenotypes as well as cytokine profiles in the healthy CD73KO mice.
Materials and Methods

Materials
The antibodies used for the flow cytometry analyses (FACS) are listed in the Supplementary Table 1 (for all supplemental material see www.cellphysiolbiochem.com), purchased from BD Biosciences (Germany). Luminex kits to analyze cytokine production were purchased from Bio-Rad Laboratories GmbH (Germany). PCR Kits for genotyping of new born CD73 mice were purchased from Bioline, Invitrogen and Eurofins Genomics (Germany).
Mice CD73KO mice (B6.129S1-Nt5etm1Lft/J) in BL/6 background were originally designed by Thompson et al [12] . and were purchased by Jackson Lab (Germany). The mice were crossed and kept under specific pathogen-free conditions in the animal facility of the Center of Neuropathology and Prion Research of the LMU Munich. Homozygous CD73KO mice were routinely checked for the KO genotype stability. C57BL/6 (Bl6) mice were purchased by Charles River (Germany). Animal experiments were carried out after approval by the authorities (Regierungspraesidium Oberbayern, 55.2-1-54-2532-195-2014). Bl6 and CD73KO mice at the age of 8-12 weeks were used for the study. Blood was collected under anesthesia by the cardiac puncher; afterwards the mice were sacrificed and their spleens removed and used for preparation of singlecell splenocyte suspensions [13] .
Flow cytometry analysis of murine splenocytes
Flow cytometry (FACS) analysis of murine splenocytes was performed as described previously [14] . Freshly isolated spleen cell suspension was resuspended in the stain buffer (PBS supplemented with 1% mouse serum and 1 mM EDTA). The cells were counted and the density was adjusted to 5 × 10 6 /ml. Then, 100 μl of cell suspension (5 × 10 5 cells) was incubated with various monoclonal antibodies at room temperature in the dark for 30 min. The amount of each antibody had been titrated before the experiments. After washing and rewashing with the stain buffer, the cells were resuspended in 100 μl of the stain buffer and transferred to a 5 ml polystyrene tube containing 300 μl of the stain buffer for flow cytometry analysis. The Foxp3 staining buffer set (EBioscience, Germany) was used for intracellular staining, according to the manufacturer's instructions.
Several panels with different combinations of antibodies were used in our experiments to identify specific cell subpopulations and to investigate their activation status: (1) 
Cytokine measurement with Luminex assay
The cytokines were determined using a Bio-Plex assay [15] . The fluorescence measurement was performed using Luminex® 100 System (Bio-Rad, Germany). According to the standard curves, the concentration of the respective cytokines was calculated and presented in pg/ml.
Statistical analysis
All statistical analyses were performed using GraphPad Prism Version 7.01. Distributions of continuous variables were described by median, 25% and 75% percentiles, min and max, and were presented as scatter plots for FACS data and column bar graph for Luminex data. The null hypothesis (mean values are equal) versus the alternative hypothesis (mean values are not equal) was tested for two groups by unpaired twotailed t-tests for normal distributed variants.
Results
The immunological effects of CD73 deficiency in vivo were carried out by the immunophenotyping of freshly isolated splenocytes from healthy wild type Bl6 and CD73 knock-down (CD73KO) mice using FACS and analyzing of serum cytokines by the Luminex approach. The percentage and phenotype of the following immune cell subpopulations, as a part of innate and adaptive immunity: NK and NKT, macrophages, CD11b
low , DC, B-cells, CD4, CD8, Tcon and Treg cells were assessed. The gating strategy for panel analysis is presented in Fig. S1 . 
CD73 absence leads to a low amount of NK cells and pDC, and influences the expression of CD80 and CD86
We first analyzed NK as well as NKT cell populations in CD73KO and Bl6 mice which were defined based on their surface markers as described in the 'Material and Methods' section. CD73KO mice showed a decrease in the percentage of NK cells (5.75 ± 0.41% for WT and 4.27 ± 0.26% for CD73KO, p = 0.008, Fig. 1A) . The activation status of NK cells was not affected. No changes in the percentage of NKT cells as well as their activation state have been detected (data not shown).
Regarding DCs we sow a decrease in the frequency of pDC (0.66 ± 0.24% for WT and 0.43 ± 0.1% for CD73KO, p = 0.017) in the spleen of CD73KO mice (Fig. 1B) , but not of cDC (data not shown). Moreover, the CD80 and CD86 expression level measured in MFI (mean fluorescence intensity) was increased in the CD73KO mice (p = 0.0017 for CD80 MFI and p = 0.017 for CD86 MFI, Fig. 1C ). In respect of the myeloid leukocyte populations including MDSC and macrophages, we did not see any differences between Bl6 and CD73KO mice (data not shown). 
CD73 deficiency promotes accumulation of effector CD4 + T cells and reduction of the Treg amount
First, we detected in the spleens of CD73KO mice a clear trend in a decrease in percent of immune cells in the lymphocyte gate (37.99 ± 6.2% for WT and 33.83 ± 3.86% for CD73KO, p = 0.09, Fig. 2A) . Also a trend to higher amount of B cells was found in the spleens of transgenic mice (47.73 ± 5.27% for WT and 51.08 ± 2.08% for CD73KO, p = 0.078, Fig. 2B ). In respect of T cells, we sow a trend in a decrease in amount of CD4 + T cells (19.34 ± 3.22% for WT and 17.08 ± 2.21% for CD73KO, p = 0.089, Fig. 2C ). In the same time no changes have been seen either in the gate of CD8 + T cells or in their subpopulation (data not shown). Next, we analyzed the subpopulation of T cells in-depth. The CD73KO mice demonstrated a decrease in a frequency of memory subpopulation of CD4 + T cells (13.07 ± 4.46% for WT and 9.35 ± 2.15% for CD73KO, p = 0.085, Fig. 3 ), whereat the frequency of effector subpopulation of these T cells was increased (13.07 ± 4.46% for WT and 9.35 ± 2.15% for CD73KO, p = 0.001, Fig. 3 ).
It is well-known that CD73 can be involved in the Treg-induced immunosuppression [9] , therefore we were curious to explore the percentage of Treg and Tcon (conventional T-cells) in CD73KO compared to WT mice. Indeed, CD73KO mice showed a decreased percentage of Treg (8.03 ± 1.1% for WT and 5.76 ± 1.1% for CD73KO, p = 0.0003, Fig. 4 ) as well as of activated Tcon (2.4 ± 0.51% for WT and 1.72 ± 0.77% for CD73KO, p = 0.032, Fig. 4 ) and an increased amount of Tcon (77.93 ± 3.53% for WT and 82.04 ± 2.47% for CD73KO, p = 0.007, Fig. 4 ).
CD73 deficiency results in the reduction of IL-6 cytokine production
Since we observed some immunological changes in cell populations caused by the absence of CD73 molecules, we aimed to compare the serum concentrations of IL-1β, IL-2, IL-6, IL-10, IL-13, IL-17, IFNγ, VEGF and TNF-α in Bl6 and CD73KO mice. Indeed, the level of IL-6 (7.5 ± 2.76 pg/ml for Bl6 and 5.12 ± 1.55 pg/ml for CD73KO, p = 0.041) cytokine was reduced in the serum of transgenic mice. Other cytokines measured had the same serum level in both strains of mice (data not shown). 
Discussion
The main aim of this work was to characterize immunological cell populations as well as serum cytokine level in CD73KO compared to wild-type healthy mice. Our data demonstrate that these two mouse strains are indeed different in some immunological parameters. This observation is an important one, since CD73 can be recognized as an immune check point molecule [11] . While the KO mice for the well-known immune check point molecule CTLA4 demonstrated a severe phenotype manifesting in an acute and systemic autoimmune pathology [16] , the phenotype of knockout mice deficient in CD73 molecule is not affected. So far, the phenotype of mice from this model is rather closer to the mouse model dealing with B7H1 knockout [17] . However, the immunological examination of the healthy CD73 knockout mice is not yet complete, and should be further explored taking into account the importance of the immune check point molecule in context of oncoimmunology [18] . Since, the presence of tumor manipulates drastically the "naïve" immune system of tumor-bearing mice, we want to avoid the comparison of the results from our work with ones obtained from the CD73-inhibiting models of tumor-bearing animals.
Firstly and importantly, we showed in this study a systemic reduction in IL-6 concentration in serum of CD73-deficient mice. Since IL-6 is a well-known and established marker of acute and chronical inflammation [19] , we suggest that the CD73 knockout mice have generally mild inflammation phenotype. Since it has been shown that Ado could increase production of IL-6 through A2A [20] , it is tempting to speculate that in the CD73-deficient mice the low level of IL-6 is due to the absence of the Ado catabolism.
Regarding the innate immune system, we found a decrease in amount of NK cells in the CD73-deficient mice. It is surprising because as mentioned before the low amount of Ado (due to CD73 deficiency) should potentially lead to an increase in a frequency of these cells [21] . However, in our recent work with healthy B7H1 knockout mice, we also observed the decrease in NK cells' frequencies in transgenic mice [22] . The exact mechanism leading to this effect in both models is unclear. One can speculate that this reduction might serve as an equation for reduced regulatory potential due to the lack of immune check point molecules. Concerning another type of innate immune cells -DC, we could not detect any changes in the total amount of cDC but sow a reduction of pDC as well as of the expression level of the costimulatory molecules CD80 and CD86 in transgenic mice. The same effects were seen by us in the healthy B7H1 knockout mice [22] . Thus, we suppose that lack of the CD73 molecules may be compensated by appropriate changes in the expression of some stimulators on DC. In opposite to the B7H1 knockout model we did not detected differences in percentages of MDSC in the CD73 knockout mice [22] .
Could the CD73-deficience influence adaptive immune system? Beyond of the tendency to lower amount of T cell and to higher amount of B cells in spleens of the transgenic mice, which in line with our data from the B7H1KO study [22] , we obtained several statistically significant data regarding CD4 + T cells. First, the percentage of effector CD4 + T cells was higher in a case of CD73-deficience. Second, the percentage of memory CD4 + T was lower in the spleens of transgenic mice. Accumulating evidence suggested the importance of IL-6 for CD4
+ T cell differentiation [23] , proposing an influence of this cytokine on memory/ effector phenotype of these T cells [24, 25] . Therefore, our data are in line with the abovementioned research. Besides, our finding is also corroborated with a fact that Ado can modulate differentiation and proliferation of T cells through the A2A receptors [26] . Thus, we can suggest that in absence of CD73 lower Ado concentration could lead to the immune modulating effects on T cells. Interesting to note, that healthy B7H1KO mice did not show differences between strains in the percentage of effector and memory CD4 + T cells [22] , pointing an immunological distinction of both models.
As mentioned before, the Ado-production is one of the important immunosuppressive mechanisms executed by Treg [9] . These immunosuppressive effects of Ado are attributed to the same A2A receptors [27, 28] . According to this fact, we found a low amount of Treg and high amount of Tcon in the spleens of CD73-deficient mice. It should be stressed, that in opposite to the CD73 model healthy B7H1KO mice showed an increased amount of Treg [22] .
As mentioned before CD73 is recognized as an immune check point molecule which can be important for development of new immunotherapeutic strategies against cancer [11] . However, a recent report about the immunosuppressive axis CD73/A2A in diffuse large B-cell lymphoma showed that only CD73 expressed on tumor cells correlates with poor survival of cancer patients [29] . Therefore, CD73 knockout mice from this study can be used for further investigation of this molecule in the tumor context.
Conclusion
Summarizing, we propose a following immunological scenario due to the CD73 absence: the deactivated A2A receptor leads to diminishing of IL-6 production, which in turn could modulate the Treg. Apart from IL-6, the A2A receptor deactivation diminishes the percentage of Treg and shifts the effector/memory balance of CD4 + T cells in the effector direction. Therefore, the CD73-deficiency imparts the animals a special immune phenotype which differs from phenotype of other models with a deficiency in immune check point molecules.
